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1 .  INTRODUCTION 


This  contract  has  supported  a  program  of  theoretical  and  experimental 
studies  of  the  physics  and  applications  of  radiative  collisional  processes. 
A  radiative  collisional  process  is  one  in  which  two  atoms  and  a  photon 
simultaneously  participate.  In  one  type  of  process,  termed  a  laser  induced 
or  laser  switched  collision,  energy  is  first  stored  in  a  state  of  some 
atom  A.  An  incident  laser  is  tuned  so  as  to  satisfy  the  energy  defect  be¬ 
tween  this  storage  state  and  a  selected  target  state  of  a  different  atomic 
species  B.  In  the  presence  of  this  incident  laser  beam,  the  collision  cross 

■  l*  2 

section  may  be  as  large  as  10  ^  cm  ,  thereby  allowing  very  rapid  transfer 

of  energy  to  the  target  species. 

If  the  storage  state  of  atom  A  is  at  a  higher  energy  than  that  of  the 
target  Btate  of  atom  B,  then  an  incident  laser  photon  will  experience  gain 
rather  than  loss,  and  stimulated  emission  may  then  occur  at  a  characteristic 
frequency  equal  to  the  difference  of  the  energy  levels  of  the  two  species. 

In  the  visible,  the  gain  llnewidth  for  lasers  of  this  type  will  generally 
be  a  few  angstroms  .  The  gain  cross  section  will  be  quite  low,  but  once 
stimulated  emission  is  obtained,  the  energy  storage  will  be  very  high. 

If  in  a  mixture  of  two  species,  more  Ions  of  higher  ionization  poten¬ 
tial  can  be  created  (for  example,  by  a  selective  photo  ionization  process), 
then  lasing  may  occur  at  a  frequency  characteristic  of  the  difference  of 
the  ionization  potentials  of  the  two  species.  Such  a  radiative  charge 
transfer  laser  would,  again,  have  low  gain  and  very  high  energy  storage. 


The  colll8ional  processes  studied  may  also  lead  to  a  class  of  active 
upconvertersj  where  upconversion  gain  is  obtained  from  an  electrically  ex¬ 
cited  medium.  For  example,  energy  stored  in  nn  e-bemn  pumped  inert  gas  might 
be  used  to  efficiently  upconvert  CO^  radiation  into  the  visible. 

Pair  absorption  processes  are  closely  related  to  laser  induced  colli¬ 
sions  and  may  provide  a  means  for  making  new  lasers . 

Our  research  results  on  these  topics  are  summarized  in  Section  2. 
Appendix  A  consists  of  the  abstracts  or  title  pages  of  the  publications 
supported  by  this  contract,  and  Appendix  B  lists  our  students  who  received 
a  Ph.D.  degree  during  the  period  of  this  work. 

We  note  that  much  of  this  program  is  continuing  under  joint  support 
of  the  Army  Research  Office  and  the  Air  Force  Office  of  Scientific  Research. 
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2.  SUMMARY  OF  RESEARCH  RESULTS 


A.  Laser  Induced  Collisions 

1  2 

The  laser  induced  collision  process  was  predicted  in  197 2,  9  and  first 

A 

demonstrated  experimentally  by  Harris,  et  al .  in  1976.  Following  'hat  ini¬ 
tial  work,  this  program  has  supported  efforts  which  have  greatly  expanded 

the  state  of  knowledge  of  such  effects,  both  experimentally  and  theoretically. 

I, 

A  theoretical  analysis  of  laser  induced  collisions  was  developed  to 
describe  the  linewidth,  lineshape,  and  magnitude  of  laser  induced  collisions, 
The  theory  predicts  that  for  laser  induced  collisional  processes  where  the 
interaction  Hamiltonian  of  the  colliding  species  is  of  the  dipole-dipole  or 
dipole -quadrupole  type,  the  cross  section  for  laser  induced  collision  should 
peak  when  the  transfer  laser  is  tuned  to  that  wavelength  (X^15)  which  ex¬ 
actly  satisfies  energy  conservation  for  the  infinitely  separated  atoms.  For 
quadrupole-quadrupole,  charge  exchange,  anti  spin  exchange  processes,  the 
peak  should  occur  near  to,  but  not  at,  the  energy  conserving  wavelength,  and 
could  be.  much  broader. 

A  number  of  these  predictions  were  subsequently  verified  experimentally. 
Further  details  on  the  first  dipole-dipole  Sr-Ca  system  confirmed  that  very 
large  (1.0*^  cm^)  collision  cross  sections  were  possible  using  practical 

u  £ 

sources.  *  In  addition,  the  first  experimental  observations  of  two  new 
types  of  laser  induced  collisions  were  made;  dipule-quadrupole|,  and  charge 
exchange.^  The  dipole-quadrupole  process  is  important  because  it  expands 


significantly  the  number  of  energy  storage  states  which  may  be  considered 
in  designing  a  practical  system.  As  expected,  the  process  maximized  at  the 
wavelength,  and  was  nearly  as  strong  as  the  dipole-dipole  case 
Charge  exchange  is  of  particular  interest  because  th.-  i borage  species 
can  be  the  ground'state  of  an  ion.  An  intense  laser  field  is  then  used  to 
rapidly  transfer  this  energy  to  an  excited  ionic  state  of  a  second  species. 
Since  ground  state  ions  can  be  easily  and  efficiently  created  by  a  number 
of  means,  and  represent  relatively  long-lived  energy  storage,  laser  induced 
charge  transfer  processes  are  particularly  exciting  for  applications. 

The  first  laser  induced  charge  transfer  collision  which  was  observed^ 
is 


Ca+(Hs  2S 


1/2 


)  +  Sr(5s‘' 


tto(l»715  &) 


Cu(I)s;3  lS0)  +  Sr+(5p  2P j/p) 


An  energy  level  diagram  representing  this  reaction  is  shown  in  Fig.  1.  In 
this  system,  the  applied  laser  photon  raises  one  of  the  two  Sr  valence  elec¬ 
trons  to  a  virtual  state  of  Sr(5s5p  ^P^)  character.  As  this  Sr  atom  collides 
with  a  Ga^  ion,  the.  remaining  unexcited  Sr  valence  electron  is  transferred 
to  the  Ca*  ion,  leaving  a  Ca  ground  state  neutral  and  an  excited  Sr'  (5p  r‘P^,, 
ion.  Theory  predicts  that  the  transfer  maximizes  w1  an  the  applied  photon  is 
detuned  from  ^  M  .  We  estimate  that  in  our  experiments  we  induced  a  cross 
section  of  5  X  Id  ^  cm‘  at  an  applied  laser  power  density  at  h Y 15  ft  of 
1.5  X  10?  w/cmf' . 

Just  recently,  we  believe  that  we  have  demonstrated  a  second  laser  in¬ 
duced  charge  transfer  collision,  represented  by 

Ca1  (ha  ‘S^„)  1  Sr(r)8‘  1  hu()iY9li  R)  ->  Calls'  1  Sr*  (5p  ‘'P^„) 


-  If  - 


■i  !l- Vii"-r~.  '•  .writ 


AC  =  68  cm-1 


-  5s  5p  1  P,° 


- 4S2  's0  - 5s?-  !S0 

Ca  Sr 


Fig,  1- -Schematic  of  laser  induced  charge  transfer  collision. 


This  reaction  differs  from  that  above  in  that  the  target  species  is  the 
Sr^  (5p  ‘p °j0)  ion  rather  than  the  Sr+(5p  CP ^jn)  ion-  This  second  reaction 
is  interesting  in  that  its  lineshape  is  broader  and  maximizes  at  a  wave¬ 
length  which  is  detuned  a  greater  amount  from  X  w  .  We  are  presently 
conducting  further  tests  to  verify  the  interpretation  of  our  observations. 

B .  Atomic  Pair  Processes 

Pair  absorption  and  pair  emission  refer  to  processes  in  which  two 
atoms  collide  and  absorb  or  emit  a  single  photon  at  a  wavelength  corres¬ 
ponding  to  the  sum  of  the  energies  of  the  excited  states  of  the  two  col¬ 
lision  partners.  These  processes  are  closely  related  to  laser  induced  col¬ 
lisions  and  we  have  extensively  studied  them  and  their  application  to  laser 
systems  under  this  program. 

The  initial  observation  of  the  effect  was  radiative  collisional  fluo- 
rcserne  from  the  collision  of  two  excited  barium  atoms, ^  by  the  process 

Ba(6s6p  S0)  +  Ba(6s5d  *D)  1S)  +  hn(5?9^  X) 

In  this  case,  the  emitted  photon  at  559'*  &  has  energy  equal  to  the  sum  of 

the  barium  bsbp  ^P0  anu  6s^  states,  and  does  not  correspond  to  any  of 

the  energy  level  transitions  of  the  individual  barium  atoms.  The  lineshape 

of  the  emission  was  similar  to  those  observed  for  laser  induced  collisions. 

Following  the  emission  work,  we  observed  the  corresponding  absorptive 

9,10 

processes :  ' 

Ba(6s‘"  )  +  Ba(bs£’  *S  )  +  t'U)(539^  &)  ->Ba(6sbp  +  Ba(6s5d  ^0o) 

U  w  1  r. 


-  b 


■■■  -v  t-j  Jiluih ''l-nAtL-i 


In  addition,  using  a  mixture  of  barium  and  thallium  vapor,  we  observed  the 
process 


Ba(6s2  1SQ)  +  Ti (6p  2P ®^g)  +  to(3868  R)  ->Ba(6sbP  Xp°)  +  Tf(6p  2p °/0) 


where  the  ^>868  R  photon  energy  corresponds  to  the  sum  of  the  barium  6sbp 
and  the  thallium  6p  t"p°y0  levels.  In  both  these  experiments,  the  pair  ab¬ 
sorptions  were  found  to  be  a  few  percent  per  centimeter  for  densities  of 

I’/  -3 

~  10  cm  and  could  be  easily  observed  with  simple  white  light  absorption 
techniques , 

The  relatively  large  cross  sections  observed  for  pair  absorption  indi¬ 
cated  that  the  process  may  be  useful  for  pumping  lasers.  Such  a  technique 
was  proposed  by  R.  W.  Falcone,^  then  one  of  the  students  working  on  tills 
project.  Just  recently,  we  have  successfully  constructed  a  1.5  pm  atomic 
barium  laser  by  optically  pumping  a  pair  absorption  transition  in  barium- 

llp 

thallium  vapor.  ‘‘  In  particular,  we  have  used  the  pair  absorption  process 


Ba(6s2  1SQ)  T  i  (6p  2p  \j2)  +  «tup  (3867  R)  ~>Ba(6sbp  *P°)  +  Tf(6p  2P  yQ) 

to  pump  the  Ba  bsbp  level.  Subsequent  lasing  on  the  Ba  6sbp  *p  -  6s5d  *Dn 

transition  was  observed.  A  preprint  of  a  paper  describing  this  work  is  in¬ 
cluded  as  Appendix  C. 

The  pair  absorption  transitions  described  here  are  characterized  by 
relatively  large  absorption  widths  (~  1  R)  and  wavelengths  in  the  near  UV. 
Hence  pair  absorption  is  a  method  for  channeling  the  energy  of  high  powered, 
broadband,  fixed  wavelength  lasers  into  specific  target  states  of  atoms  which 
otherwise  would  not  absorb  the  radiation.  In  particular,  these  techniques 
could  be  useful  for  temporal  and  spectral  compression  of  high  powered 
excimer  lasers. 


-  Y  - 


The  application  of  pair  processes  to  laser  devices  often  require  high 
densities  of  atomic  excited  states.  During  the  contract  period  several 
techniques  have  been  investigated  for  producing  the  required  atomic  densi¬ 
ties  . 

15 

We  have  demonstrated  that  photodissociation  of  Nal  is  a  uoeful 

p 

technique  for  producing  large  densities  of  Na  3p  P  state  atoms,  using 
the  process 

Nal  -i  lie (2128  %)  -»Na*(3p  2P)  +  I(Jp5  2Py,J 
2  2 

Subsequent  lasing  on  the  Na  $p  P^y0  -  ,5s  transition  was  observed, 

15  /  3 

with  inversion  densities  of  ~  10  atoms/cm  . 

lh 

We  have  also  studied  the  photodissociation  of  T£Br 

TiBr  +  iin (2()6o  ft)  ->TM6p  +  Br ( Up5  2P_.^) 

We  found  that,  although  the  above  process  does  occur,  the  T l  (6p  P 

p 

atoms  are  quickly  converted  to  the  Ti(6p  "P^y^)  state  via  a  "harpooning 
process".  This  work  points  out  the  importance  of  considering  the  poten¬ 
tial  curves  for  all  possible  products  when  considering  photodissociation 
as  a  technique  for  the  creation  of  excited  states, 
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S.  E.  Harris  and  J.  C.  White,  "Numerical  Analysis  of  Laser  Induced  In¬ 
elastic  Collisions." 

Abstract!  This  paper  studies  the  dynamics  of  (uipole-dipole)  laser 
induced  collision  processes.  Coupled  equations  are  numerically 
integrated,  first  over  time,  and  then  over  impact  parameter.  Transi¬ 
tion  probability  and  collision  cross  section  are  given  as  a  function 
of  the  detuning  from  the  R  ■  “  frequency  of  the  separated  atoms, 
and  of  the  incident  laser  power  density.  Numerical  results  are  com¬ 
pared  with  approximate  formulae  for  collision  cross  section  at  .line 
center  and  in  the  wing. 

J.  C.  White,  "inversion  of  the  Na  Resonance  Line  by  Selective  Photo- 
dissociation  of  Nal." 

Abstract!  This  letter  reports  the  inversion  and  Intense  super- 
fluorescent  emission  of  the  Na  resonance  line  by  selective  photo¬ 
dissociation  of  Nal.  The  fifth  harmonic  of  a  Q-swltched  Nd:YAG 
laser  at  2128  8  was  used  to  photodissociate  Nal  to  the  unbound  state 
Na(3p^P)  +  I(5p^  ^3/2^'  Superfluorescence  at  the  5896-X  resonance 
line  was  observed. 

J.  C.  White  and  G.  A.  Zdaaiuk,  "Branching  Ratios  for  TIBr  Photodissocla- 
tion  with  2660  X  Radiation." 

Abstract !  Selective  molecular  photodissociation  as  a  pumping 
mechanism  to  invert  atomic  systems  with  respect  to  their  ground 
levels  has  been  used  to  construct  a  variety  of  laser  sources. 

A  more  Important  application  of  these  techniques,  however,  may  be 
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the  use  of  direct  molecular  photodissoclation  into  atomic,  metastuble 
states  as  a  means  of  constructing  stimulated  Raman  upconverters  for 
infrared  lasers.  To  date,  only  Carman  and  Lowdermi.lk^  have  studied 
this  possibility  using  metastable  storage  in  atomic  I  following  the 
flash  photolysis  of  CF^I.  In  the  present  work  we  examine  the  selective 
photodissociation  of  TIBr  into  the  Tl(6p  P 2 ^  wetustable  state  ub  a 
potential  candidate  for  improved  Raman  upconverters. 

J.  C.  White,  G.  A.  Zdasiuk,  J.  K.  Young,  and  S.  E.  Harris,  "Observation 
of  Radiative  Coliisional  Fluorescence." 

Abstract :  We  report  the  observation  of  spontaneous  radiative  emission 
during  the  collision  of  two  excited  Ba  atoms.  The  emission  occurs  at 
the  sum  energy  of  the  excited  atoms  and  is  the  omission  analog  of  the 
laser-induced  inelastic  collision  process.  We  measure  a  collision 
cross  section  for  deexcitation  by  spontaneous  radiative  emission  of 
2.6  x  10  ^cm^. 

R.  W.  Falcone,  "Inversion  of  Atoms  and  Molecules  to  the  Ground  State  by 

Optical  Pumping." 

Abstract ;  A  technique  is  proposed  for  inverting  atoms  and  molecules 
with  respect  to  the  ground  state.  The  process  is  based  on  simul¬ 
taneous  excitation  of  colliding  species  by  absorption  of  a  photon. 
Visible  wavelength  Lasers  with  millijoule  energy  outputs  and  several 
nanosecond  pulse  widths  should  be  capable  of  demonstrating  inversion 
of  resonance  lines  in  high-density  metal-vapor  mixtures. 

S.  E.  Harris  and  J.  F.  Young.,  "Techniques  for  Rapid  Laser  Induced  Energy 

Transfer  Using  Metnstable  States." 

Abstract :  We  review  recent  experimental  and  theoretical  results  on 
two  related  methods  of  rapidly  transferring  stored  population  from 
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metastablo  states  to  selected  target  states  of  a  different  species. 
One  method  is  kinetic- laser  induced  inelastic,  collisions,  while  the 
other  is  radiative-laser  Induced  anti-Stokes  scattering.  Both 
methods  utilize  high  peak  power,  short  pulse,  tunable  lasers. 

J.  C.  White,  G.  A.  Zdasiuk,  J.  F.  Young,  and  S.  E.  Harris,  "Observation 
of  Atomic-Fair  Absorption  with  an  Incoherent  Source." 

Abstract :  We  report  the  observation  of  atomic-pair  absorption  in 
barium  und  in  barium- thallium  vapors  using  a  white-light  source. 

At  atomic  densities  on  the  order  ol'  10^  atoms/cnf*  we  measure 
absorptions  of  2.9%  cm  ^  for  Ba-Ba  and  2.3%  cm  ^  for  Bu-Tl.  In 
both  eases,  the  absorption  maxima  occur  at  the  predicted  (R  **  “) 
wuvelungth  and  have  a  full,  width  at  half  maximum  of  approximately 
15  cm  ■* . 

W.R.  Green,  M.D.  Wright,  J.F.  Young,  and  S.E.  Harris,  "Laser-Induced 
Churge  Transfer  to  an  Excited  Ionic  State." 

Abstract :  Wo  report  the  observation  of  a  laser-induced  charge- 
transfer  collision.  In  the  presence  of  an  Intense  laser  beam, 
ground-state  calcium  ions  collide  with  ground-state  strontium 
atoms,  selectively  producing  excited  strontium  ions  and  calcium 
neutrals.  The  laser- induced  collision  cross  section  has  a  line- 
width  of  about  50  cm  ^  and  peaks  ~  70  cm  ^  from  that  wavelength 
which  satisfies  the  energy  defect  of  the  separated  atoms. 

W.R.  Green,  M.O.  Wright,  .1.  Lukasik,  J.  F.  Young,  uiul  S.E.  Harris, 
"Observation  ol  a  Laser- Induced  Dipole-Quad rupole  Goll lslou." 

Abst rac t :  Experimental  observation  of  a  laser-induced  dlpole- 
quudrupole  collision  between  Sr  und  Cu  is  reported.  The  laser- 
induced  collision  cross  section  peaks  at  an  applied  photon  energy 
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equal  to  the  energy  defect  of  the  initial  and  final  states  of  thu 

-14  2 

infinitely  separated  atoms.  A  cross  section  of  3  x  10  era  was 

9  2 

induced  at  a  laser-power  density  of  7  x  10'  W/cm  ;  the  linewidth 
was  20  cm  ^ . 

S.  E.  Harris,  J.  F.  Young,  W.  R.  Green,  R.  W.  Falcone,  J.  Lukasik, 

J.  C.  White,  j.  R.  Willison,  M.  D.  Wright,  and  G.  A.  Zdasiuk, 

"Laser  Induced  Collisional  and  Radiative  Energy  Transfer." 

Abstract :  This  paper  summarizes  progress  on  two  related  methods 
of  rapidly  transferring  energy  which  is  stored  in  u  metastable 
level  of  one  species  to  a  target  level  of  a  different  specieB. 

The  two  methods  are  laser  induced  collision,  and  laser  induced 
(two-photon)  spontaneous  emission  and  subsequent  absorption.  Both 
utilize  high  peak  power,  short  pulse  tunable  lasers  and  both  are 
capable  of  rapid  and  selective  energy  transfer. 

In  particular  the  paper  describes  the  recent  experimental  results 
of  Green,  et  al. ,  which  demonstrate,  we  believe  for  the  first  timo, 
laser  Induced  charge  transfer  [1]  and  luser  induced  dlpole-quadrupole 
collisions  [2]. 

R.  W.  Falcone  and  G.  A.  Zdasiuk,  "Pair  Absorption  Pumped  Barium  Laser." 

Abstract :  We  report  the  first  demonstration  of  the  use  of  pair 

absorption  transitions  for  optically  pumping  lasers.  In  a  mixture 

of  barium  and  thallium  metal  vapors,  single-photon  absorption  of 

3867  %  laser  light  caused  simultaneous  excitation  of  colliding 

ground  state  atoms  to  the  Ba  (6s6p  ^P°)  and  T?,  (6p  ^p° excited 

14  -3 

states.  Excited  state  densities  of  about  10  cm  were  created, 
and  subsequent  laser  emission  on  the  Ba  (6s6p  'p'j')  -*■  Ba  (6s5d  '^D^) 
atomic  transition  at  L.5  pm  was  observed. 
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PAIR  ABSORPTION  PUMPED  BARIUM  LASER* 
by 

R.  W.  Falcone  and  G.  A.  Zdasiuk 

Edward  L.  Ginzton  Laboratory 
Stanford  University 
Stanford,  California  9^305 


ABSTRACT 


We  report  the  first  demonstration  of  the  use  of  pair  absorption  transi- 
tions  for  optically  pumping  lasers.  In  a  mixture  of  barium  and  thallium 
metal  vapors,  single-photon  absorption  of  3867  X  laser  light  caused  simul¬ 
taneous  exultation  of  colliding  ground  state  atoms  to  the  Ba  (6s6p  ^P°)  and 

2  o  *  ‘5 

T.0  (6p  Pj/g)  excited  states.  Excited  state  densities  of  about  10  cm 

were  created,  and  subsequent  laser  emission  on  the  Ba  (bs6p  ^P°)  -♦ Ba  (6s5d  ^D0) 

atomic  transition  at  1.5  was  observed. 


This  work  waj  Jointly  supported  by  the  National  Aeronautics  and  Space 
Administration  under  Contract  NGL -05 -020-103  and  the  U.S.  Air  Force  under 
Contract  F19628-77-C-0072 , 
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PAIR  ABSORPTION  PUMPED  BARIUM  USER 


by 

R.  W.  Falcone  and  G.  A.  Zdaaiuk 

Edward  L.  Ginzeon  Laboratory 
Stanford  University 
Stanford,  California  94505 

We  report  the  first  demonstration  of  laser  excitation  of  pair  absorp¬ 
tion  transitions  as  a  technique  for  optically  pumping  new  types  of  lasers. 

In  particular,  we  have  simultaneously  excited  colliding  ground  9tate  barium 
and  thallium  atoms  to  the  Ba  (6s6p  ^P°)  and  T2  (6p  ^P ’tjg)  excited  states  by 
single-photon  absorption  of  laser  light  at  3867  Subsequent  laser  emis¬ 
sion  on  the  inverted  Ba  (6$6p  -+  Ba  (6s5d  ^Dg)  transition  was  observed 

at  1.5  pm. 

Pair  absorption,  or  simultaneous  excitation,  refers  to  a  process  in 
which  two  colliding  atoms  absorb  a  single  photon  at  a  wavelength  correspond¬ 
ing  to  the  sum  energy  of  excited  states  of  the  individual  species.  After 
the  collision  the  atoms  separate,  leaving  both  atoms  in  excited  states.  In 
the  case  of  a  dipole-dipole  collisional  interaction,  one  species  makes  a 
(dipole)  allowed  transition  while  the  other  species  makes  a  (dipole)  non- 
allowed  transition.  The  use  of  laser  excitation  of  pair  absorption  transi¬ 
tions  for  pumping  new  types  of  lasers  was  proposed  in  Ref.  1.  The  pair  ab¬ 
sorption  process  is  a  specific  example  of  a  general  class  of  reactions  now 

9  % 

called  laser  induced  collisions  Pair  absorption  has  recently  beer,  ob¬ 

served  in  atomic  metal  vapors  in  the  visible  spectrum;**  previously  it  had 
been  observed  in  molecular  systems  in  the  infrared.^ 
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We  have  studied  the  pair  absorption  process 


Sa  (6s2  hQ)  +  XI  (6p  2P°/2)  +  ftup (3867  %) 

-» Ba  (6s6p  *P°)  +  T/  (6p  2P °j2)  (1) 


As  shown  in  Fig.  1,  the  Be  atom  is  excited  on  an  allowed  transition  and  the 
T l  atom  I3  excited  on  a  non-allowed  transition.  The  absorption  process  of 
Eq.  (1)  maximizes  when  the  photon  energy,  iiu  ,  is  equal  to  the  sum  of  the 
energies  of  the  atomic  excited  state  products. 

The  absorption  coefficient  for  pair  absorption,  a  (cm”*)  ,  is  given 

on  line  center  by 


a 


v?  cVp2  (An ) 


(2) 


where  e  is  the  electronic  charge;  to  «■  Sttc/X  is  the  angular  frequency 

P  p 

of  the  absorbed  light;  ,  fg  ,  f^  and  o>^  >  u>2  ,  are  the  oscillator 
strengths  and  frequencies  of  the  atomic  transitions  T£  (6p  2P®^)  -4 
I?  (Ts  2Sl/2)  ,  XI  (7s  2Sl/2)  -Xt  (6p  2p°^2)  ,  and  Ba  (6s2  1SQ)  -4 
Ba  (6s6p  *P°)  ,  respectively;  [Ti°]  and  [Ba°]  are  the  ground  state 
number  densities  of  the  colliding  atoms;  m  is  the  electron  mass ;  c  is 

the  velocity  of  light;  V  is  the  relative  velocity  of  the  colliding  atoms; 

c 

0  is  the  Weisskopf  radius’  or  dephasing  radius  of  the  collision  (11  X  in 
this  experiment);  and  is  the  frequency  detuning  of  the  pump  laser 

relative  to  the  atomic  transition  in  Ti  as  indicated  in  Fig.  1.  The  ex¬ 
cited  state  densities  of  both  species,  Ba  (6s6p  *P°)  and  T l  (6p  2P°^0),  are 


Fig.  1 — Barium  and  thallium  energy  levels  for  the  pair 
absorption  pumped  atomic  barium  laser. 


given  by 


•  *  * 

[Ba  ]  =  [Ti  3  -  — at  (3) 

to  p 
P 

where  p/A  la  Che  power  density  end  is  the  pulse  length  of  the  ap¬ 

plied  laser. 

An  experimental  schematic  is  shown  in  Fig.  2.  The  3867  X  radiation 

was  produced  by  sum  frequency  generation  in  KD  P  of  6075  &  and  L.06  jam 

laser  light  using  a  Quanta  Ray  Nd:YAG  dye  laser  system;  pulse  energies 

at  3887  8  of  up  to  3  tnJ  in  a  3  ns  pulse  weru  available.  This  beam  was 

2 

collimated  to  a  spot  size  of  0.13  cm  and  directed  into  a  metal  vapor 
oven  containing  Ba  and  Ti  heated  to  1^00° C  over  a  vapor  zone  length  of 
10  cm.  The  cell  also  contained  ~  250  torr  of  argon  gas  to  prevent  metal 
vapor  diffusion  and  condensation  on  the  cold  cell  windows.  The  1.5  pm 
output  light  from  the  cell  was  filtered  with  a  spectrometer  and  detected 
with  a  room  temperature  InSb  detector, 

Figure  3  shows  an  absorption  scan  of  the  metal  vapor  cell  in  the  re¬ 
gion  of  pair  absorption,  made  using  a  continuum  discharge  lamp,  The  shape 
of  the  curve  agrees  with  the  data  of  Ref.  k.  A  curve  of  growth  analysis 
of  the  resonance  line  absorptions  of  Ba  and  Ti  yielded  ground  state  vapor 
densities  of  [Ba°]  a  U  x  10^  cm  ^  and  [Ti°]  «  2  x  10^  cm"^  in  the 
cell.  The  measured  absorption  at  3867  &  was  35$>  as  compared  with  the 
predicted  value  of  80$  at  these  densities  using  Eq.  (2). 

Whan  the  pump  laser  was  tuned  to  3867  X,  laser  emission  at  1,3000  ± 
0.0001  gm,  corresponding  to  the  Ba  (6s6p  Pp  Ba  (6s5d  D0)  transition,1 

was  observed.  The  emission  was  narrow  band  (less  than  our  0.2  8  spectrometer 
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Fig.  2 — Experimental  schematic. 


resolution)  and  exhibited  threshold  behavior  at  a  pump  energy  of  1  ml. 

Spatial  collimation  was  verified  by  placing  a  variable  aperture  between 
the  detector  and  the  cell.  As  the  pump  wavelength  was  tuned  about  3867 
the  observed  emission  wavelength  at  1.5  nm  remained  constant.  Our  measure¬ 
ment  of  the  time  duration  of  the  1.5  mb'  emission  was  limited  by  the  response 
time  of  the  InSb  detector  to  <  100  ns.  [The  spontaneous  decay  time  of  the 
Ba  (6sbp  1P°)  -»  Ba  (6s5d  *Dg)  transition  is  -  200  ns  . ]^  The  intensity  of 
the  emission  as  a  function  of  pump  laser  wavelength  is  shown  in  Fig.  k.  The 
intensity  maximizes  at  a  pump  wavelength  of  3867  X  and  the  profile  has  an 
asymmetry  to  longer  wavelengths  which  is  also  seen  on  the  absorption  scan 
in  Fig.  3. 

The  bandwidth  of  the  pair  absorption  is  about  1  X  (7  era"*) .  This  ab- 

2 

sorption  llnewidth  is  characteristic  of  light  Induced  collision  processes 
and  is  independent  of  both  metal  vapor  density  (in  the  linear  absorption 
regime)  and  buffer  gas  density. 

The  measured  cell  absorption  of  35$  at  3867  ^  implies  an  optically 
pumped  excited  state  density  of  Ba  (6s6p  *P°)  of  about  5  x  10*^  cm  ^  at 
the  lasing  threshold  pump  energy  of  1  mJ  per  pulse.  This  estimated  excited 
state  density  is  consistent  with  calculations  of  the  required  threshold  ex- 
cited  state  density  allowing  for  the  1  x  10  cm  ^  thermal  population  of  the 
lower  laser  level. 

This  experiment  demonstrates  a  new  technique  for  optically  pumping  high 
densities  of  atomic  (and  molecular)  species  using  the  relatively  large  band¬ 
width  cross  section  of  pair  absorption  transitions.  One  of  the  most  promising 
aspects  of  this  technique  is  that  new  absorption  wavelengths  are  created  by 
mixing  different  species  together;  this  provides  a  method  for  channeling  the 
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energy  of  high  powered,  fixed  wavelength  lasers  into  specific  target  states 
of  atotas  which  otherwise  would  not  absorb  the  radiation. 

A  further  possibility  is  the  use  of  pair  absorption  for  the  inversion 
of  atoms  and  molecules  to  the  ground  state  as  pointed  out  in  Ref.  1.  A 
high  density  of  one  species  will  allow  the  inversion  of  the  second  species 
to  the  ground  state  when  sufficient  pump  laser  energy  is  applied  at  the 
pair  absorption  wavelength.  One  application  of  this  technique  would  be 
the  temporal  and  spectral  compression  of  high  powered  excimer  lasers.  The 
energy  stored  in  the  inverted  species  by  optical  pumping  with  the  excimer 
laser  could  be  rapidly  extracted  in  a  narrow  bandwidth  pulse  by  Raman,  two- 
photon,  or  other  lasing  process  to  the  emptied  ground  state. 

We  wish  to  thank  S.  E.  Harris  and  J.  F.  Young  for  helpful  discussions. 
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